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1571 ABSTRACT 
A turbulator for a liner cooling jacket includes a metal panel 
which is suitable to be coiled into a generally cylindrical 
shape so as to be placed in a relief area between an engine 
cylinder block and a cylinder liner. The relief area may be 
machined into either the block or the cylinder liner and the 
metal panel is formed with a pattern of protuberances shaped 
like corrugations. In one embodiment, the corrugations have 
a shape similar to a sine wave and are arranged in a plurality 
of generally parallel axial segments. The corrugation wave 
pattern of one segment may be the same as its adjacent 
segment or may be staggered by one corrugation which 
would mean one-half of a full wave cycle. The corrugation 
pattern in the turbulator panel may be created by any one of 
various stamping or forming operations and when placed 
between the cylinder liner and block, increases turbulence of 
the cooling liquid in order to enhance heat transfer. 

































TURBULATOR FOR A LINER COOLING 
JACKET 
The United States government has an irrevocable, non- 
exclusive paid-up license in this invention and the right in 
limited circumstances to require the patent owner to license 
others on reasonable terms as provided for by the terms of 
contract #DEN3-375 awarded by the NASA. 
BACKGROUND OF THE INVENTION 
The present invention relates in general to the cooling of 
and the heat transfer from cylinder liners which are associ- 
ated with internal combustion engines. More specifically the 
present invention relates to the use of a turbulator in the area 
of the cooling jacket which is disposed between the block 
and the cylinder liner. 
In the field of cylinder liner design, cooling of the cylinder 
liner and in particular uniform cooling of the liner is an 
important consideration. Non uniformity in cylinder liner 
cooling results in localized hot spots which will adversely 
affect ring life and create lubricant deposit formation. 
Another consequence of nonuniformities in cylinder liner 
cooling is thermal distortion. In turn, thermal distortion 
results in increased oil consumption. 
It has been found by enhancing the heat transfer coeffi- 
cient around the cylinder liner that the cooling nonunifor- 
mities can be measurably reduced. In turn, one way to 
enhance the heat transfer coefficient is to create flow turbu- 
lence in the cooling fluid. More specifically, turbulence in 
the cooling fluid in the cooling jacket area will enhance the 
heat transfer coefficient throughout the cooling jacket and 
reduce temperature nonuniformities. An additional advan- 
tage is that enhanced heat transfer coefficients may be 
obtained while simultaneously reducing the coolant flow 
considerably. This allows the designer to use a smaller water 
pump, requiring lower horsepower and improving fuel con- 
sumption. 
Over the years various efforts have been made to control 
or modify the cooling of internal combustion engines and in 
particular the cooling of cylinders and cylinder liners. The 
following patents are believed to be representative of such 
earlier efforts: 
Patent No. Patentee Issue Date 
2,085,810 Ljungstrom July 6, 1937 
1,231,904 Junkers July 3, 1917 
1,410,319 Junkers Mar. 21, 1922 
1,904,459 Hefti Apr. 18, 1933 
2,001,854 Shoemaker et al. May 21, 1935 
4,667,635 Lichtblau May 26, 1987 
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adaptability and its variety of assembly options make the 
present invention well suited for a wide range of liner sizes 
and configurations. 
5 SUMMARY OF THE INVENTION 
A turbulator for a liner cooling jacket according to one 
embodiment of the present invention comprises a metal 
panel which is suitable to be coiled into a generally cylin- 
drical shape and which is configured with any one of various 
patterns of raised panel protuberances. One such pattern 
which represents the preferred arrangement includes a first 
pattern of raised panel protuberances protruding in a first 
direction and a second pattern of raised panel protuberances 
protruding in a second direction wherein the second direc- 
tion is opposite to the first direction. 
One object of the present invention is to provide an 
improved turbulator design for a liner cooling jacket. 
Related objects and advantages of the present invention 
20 will be apparent from the following description. 
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In addition to what these six listed patents may disclose, 55 
some engine manufacturers have elected to machine scroll- 
ing or other relief around the cylinder liner perimeter surface 
in an attempt to enhance the heat transfer coefficient. Still 
other manufacturers have elected to cast fins around the 
cylinder liner perimeter. While these methods may provide 60 
some degree of enhancement, they represent extremely 
costly measures which then become prohibitive for many 
manufacturers in a price-competitive market. 
The present invention is easy to fabricate and install and 
is far less expensive than competitive designs. The present 65 
invention significantly improves liner temperature distribu- 
tion. The material options for the present invention, its 
BRIEF DESCRIPIlON OF THE DRAWINGS 
FIG. 1 is a partial, front elevational view in full section of 
25 a cylinder liner which is designed and contoured in a fashion 
suitable to be used in combination with the turbulator 
according to the present invention. 
FIG. 2 is a perspective view of a turbulator which has 
been coiled into a general cylindrical configuration for 
30 placement around the FIG. 1 cylinder liner. 
FIG. 3 is a partial, enlarged detail showing some of the 
surface deformation and flow passageways created as part of 
the FIG. 2 turbulator. 
FIG. 4 is a perspective assembly illustration of the FIG. 2 
35 turbulator as wrapped around the FIG. 1 cylinder liner. 
FIG. 5 is a partial, front elevational view in full section 
illustrating the relationship between the cylinder liner, tur- 
bulator and block. 
FIG. 5A is a partial, front elevational view in full section 
similar to FIG. 5 with a different style of turbulator. 
FIG. 6 is a partial, front elevational view in full section 
showing an alternative configuration for the assembly of the 
cylinder liner, turbulator and block. 
FIG. 7 is a partial, front elevational view in full section of 
yet another alternative configuration for the assembly of the 
cylinder liner, turbulator and block. 
4o 
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DESCRIPTION OF THE PREFERRED 
50 EMBODIMENT 
For the purposes of promoting an understanding of the 
principles of the invention, reference will now be made to 
the embodiment illustrated in the drawings and specific 
language will be used to describe the same. It will never- 
theless be understood that no limitation of the scope of the 
invention is thereby intended, such alterations and further 
modifications in the illustrated device, and such further 
applications of the principles of the invention as illustrated 
therein being contemplated as would normally occur to one 
skilled in the art to which the invention relates. 
Referring to FIG. 1 there is illustrated a representative 
cylinder liner 20 which is a hollow metal sleeve having a 
closely (precisely) machined bore 21. Annular relief 22 
which is undercut into wall 23 below lip 24 and which ends 
prior to stop rib 25 constitutes the void space for a cooling 
jacket. Typical bores, apertures and flow paths (not illus- 
5,469,s 17 
3 4 
trated) are provided for the requisite flow communication annular relief 22). The inside surface 31 of turbulator 28 
with the cooling jacket annular space. The design, sizing and which as previously described is alternately ribbed much 
locating of these bores, apertures and flow paths are aspects like a sine wave with alternating protuberances 29. The 
which are well-known to one of ordinary skill in the art. rippled pattern or outwardly protruding protuberances 29 
Ultimately what is achieved is the flow of some cooling 5 which have alternating and matching outwardly Protruding 
(heat transfer) fluid into and around the cooling jacket protuberances from the opposite side of the panel (i.e., 
annular space in order to effect Some degree of heat transfer turbulator 28) Create the CrOSS-SeCtiOnal COnfigUratiOII which 
from the cylinder liner 20. It is to be understood that the is illustrated in FIGS. 5, 6 and 7. As Will be explained 
cylinder liner 20 of FIG. 1 represents only one of several hereinafter, it is important that the overall thickness of 
possible cylinder liner constructions which are suitable for 10 turbulator 28 which would be measured from the top or outer 
use with the present invention. limit of the protuberances on one side of the turbulator panel 
3, a turbulator 28, designed to the alternating protuberances on the opposite side of the 
in accordance with the present invention, is illustrated. turbulator panel, be precisely controlled so that the desired 
Turbulator 28 begins as a metal panel or sheet of metallic fit between the cylinder liner and the block can be estab- 
material which is then formed with a repeating pattern of l5 lished. 
surface irregularities or protuberances 29. The preferred After being coiled into a cylindrical shape and tightly 
materials for the turbulator 28 are steel and stainless steel, wrapped around the cylinder liner, the abutting edges 32 and 
though aluminum, brass, or copper could be used. The 33 may be seam welded or tack welded together in order to 
illustrated shape for these protuberances could be compared hold the desired cylindrical form and to hold the turbulator 
to a repeating pattern of corrugations having a sine wave 20 in position around the liner. Other methods of holding the 
shape. Thus, turbulator 28 can be thought of as a corrugated coiled form ofthe turbulator may be used. The cylinder liner 
panel. These protuberances 29 or corrugations may be 20, as wrapped with the turbulator panel 28, is then installed 
formed by anyone of various metal moving, stamping, as a unit into the block as illustrated in FIG. 5. It is possible 
rolling or forming operations. For example, turbulator 28 to actually hold the turbulator in position around the liner as 
may be made by a metal stamping operation which not only 25 the combination is installed. 
forms the wave-shaped protuberances but as well simulta- In the FIG. 5 illustration, while the turbulator 28 is very 
neously creates whatever slitting or cutting may be required tightly wrapped around and secured in position on the 
between rows. This same metal stamping operation is cylinder liner 20, its outer surface is sized so as to require a 
capable of providing a varying pattern for the protuberances light press fit within the block 34. As previously mentioned 
such that the actual arrangement may be uniform or stag- 30 and as clearly illustrated in FIG. 5, the alternating pattern of 
gered or completely random. Further, this metal stamping protuberances 29 create a sine wave appearance in lateral 
operation is suitable to be used in cooperation with materials cross-section. When as illustrated in FIG. 3 each alternating 
such as steel, stainless steel or aluminum and thus there is a row of protuberances is staggered or shifted axially by one 
wide variety of material choices suitable for turbulator 28. cycle or in the sense of a sine wave, a half cycle, from the 
Protuberances (corrugations) 29 are sized and arranged to 35 preceding row, then the resulting CrOSS-SeCtiOnal appearance 
create turbulence in the flow of cooling liquid which circu- is what is illustrated. 
lates through the cooling jacket annular space. These pro- If the alternating rows of protuberances 28 are not shifted 
tuberances also provide an increased total surface area over axially from one another so as to stagger the protuberances 
what a flat panel of the same height and diameter would 4o by one full protuberance (?h sine wave), then the turbulator 
provide. The greater surface area provides for more heat (now turbulator 28a) will have the cross-sectional shape as 
transfer to the cooling fluid. illustrated in FIG. 5A. 
The enlarged, partial detail of FIG. 3 shows the preferred Machining of a generally cylindrical bore in the block in 
row-to-row patterns of protuberances. The pattern which is order to receive the cylinder liner and turbulator unit can be 
illustrated provides alternating rows of sine wave protuber- 45 easily accomplished. In this manner the desired level of 
ances. The protuberances are uniformly spaced in each row press fit can also be controlled. In the context of classifying 
and have a virtually identical shape. Due to the sine wave various interference or press fits, the American Standards 
shape, one protuberance extends in one direction and the Association has published a guide and assigned numerical 
adjacent protuberance extends in an opposite direction and “class” designators to the type of fit. When the fit between 
this reversing wave pattern continues throughout each row. 50 the turbulator and block is described as ‘‘light’’ it means 
The protuberances extend in a direction normal to the either a Class 6, tight fit or a Class 7, medium force fit. In 
direction of the alternating rows before the tubulator 28 is these two classes the average interference of metal ranges 
coiled. After coiling the turbulator 28, one group of protu- from one ten thousandth of an inch to much as four or five 
berances extends in an outward radial direction and the other thousandths of an inch, depending on the diameter sizes. 
P U P  of Protuberances extends in an opposite radial direc- 55 Concluding the FIG. 5 assembly, the cylinder liner and 
tion. The rows extend CirCUmferentiallY around the coiled turbulator unit is installed into the block until stop rib 25 
turbulator. Alternate rows are evenly and Uniformly stag- abuts up against ledge 38. This particular assembly repre- 
F r e d  from the Preceding Or adjacent rows. Regardless of sents a design for the present invention where the cylinder 
this preferred style and pattern, a point to be stressed is that liner is machined with a relief area in order to create the 
the designer has freedom to configure and mange the 60 cooling jacket space and in order to provide a location for 
Protuberances in style desired and different Patterns may turbulator 28. One alternative to this configuration (see 
be Preferred depending upon the size and style of Cylinder FIGS. 6 and 7) is to generally leave the cylinder liner with 
liner% the nature Of the liquid and the specific flow a constant outside diameter, at least in the area of the cooling 
characteristics and heat transfer characteristics. jacket, and machine the relief for the cooling jacket space 
Referring now to FIG. 4, the turbulator 28 (or corrugated 65 directly into the block. The turbulator can then be coiled and 
panel 28) is illustrated as it would be coiled and wrapped slipped down into the block prior to assembly of the liner. 
around cylinder liner 20 in the cooling jacket space (Le., Either style of turbulator 28 or 28a can be used in this 
Referring now to FIGS. 
5,469,817 
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arrangement or virtually any other style so long as the size 
and shape requirements are met. The tendency of the coiled 
turbulator panel to uncoil enables it to remain in position. 
Referring specifically to FIG. 6, liner 40 is machined with 
an undercut ledge 41 which abuts up against ledge 42 in the 
block 43. These two abutting ledges provide a mid-range 
stop to halt the advancement of the cylinder liner at the 
desired depth into the block. Block 43 is machined with an 
annular cooling jacket relief 44 which receives turbulator 28. 
The outside diameter surface 45 of turbulator 28 after its 
assembly into relief 44 of block 43 establishes a diameter 
size which is sufficient to create light press fit with liner 40. 
In the FIG. 7 embodiment, the design, size, fit, function 
and assembly are identical to the embodiment of FIG. 6 with 
one exception. In FIG. 7 the liner is shaped relative to the 
shaping of the bore in the block so as to provide an upper 
stop or upper abutment location. Radial lip 47 of liner 48 
provides an underside abutment ledge 49 while block 50 has 
an annular abutment rib 51 which provides an upper abut- 
ment ledge 52. The cooling jacket relief 53 is machined into 
block 50 below rib 51. 
In operation, cooling fluid is circulated into the cooling 
jacket space and around the cylinder liner. The elevated 
temperature of the cylinder liner is reduced to some extent 
by heat transfer through the wall of the liner into the cooling 
fluid. The heat transfer rate or coefficient is influenced by a 
number of factors. One factor is the thermal conductivity of 
the materials which are used. Another factor is the tempera- 
ture difference between the liner and the cooling fluid. A still 
further factor is the surface area available to conduct off the 
heat of the cylinder liner. Another factor is the flow rate and 
turbulence of the cooling fluid. 
By means of turbulator 28, turbulence is created in the 
cooling fluid and this enhances the heat transfer coefficient. 
One result is a more uniform heat distribution and more 
uniform liner cooling. This in turn causes a reduction in local 
hot spots. The increased surface area due to the formed 
corrugations or protuberances 29 gives the cooling fluid 
more “hot” surface to flow over and around. The turbulence 
created by the turbulator is more efficiently utilized because 
of this increased surface area. 
While the invention has been illustrated and described in 
detail in the drawings and foregoing description, the same is 
to be considered as illustrative and not restrictive in char- 
acter, it being understood that only the preferred embodi- 
ment has been shown and described and that all changes and 
modifications that come within the spirit of the invention are 
desired to be protected. 
What is claimed is: 
1. In combination: 
a cylinder block having a substantially cylindrical bore 
therein; 
a cylinder liner constructed and arranged with a cooling 
jacket relief portion and positioned in said substantially 
cylindrical bore such that said relief portion is enclosed 
thereby defining a cooling jacket space; 
a tubulator panel coiled around said cylinder liner and 
positioned in said cooling jacket space, said turbulator 
panel being constructed from a unitary sheet of metal 
6 
and integrally formed with a repeating pattern of flow- 
through corrugations so as to create turbulence in the 
flow of a cooling liquid which circulates through said 
cooling jacket space; 
wherein the repeating pattern of flow-through corruga- 
tions includes a first portion wherein the corrugations 
protrude radially outwardly from said turbulator panel 
in a first direction and a second portion wherein the 
corrugations protrude radially outwardly from said 
turbulator panel in a second direction, wherein said 
second direction is opposite to said first direction; and 
wherein said first portion of corrugations includes a 
plurality of rows of corrugations which rows are 
arranged side-by-side and extend in a circumferential 
2. The combination of claim 1 wherein said second 
portion of corrugations includes a plurality of rows of 
corrugations which rows are arranged side-by-side and 
extend in a circumferential direction. 
3. The combination of claim 2 wherein adjacent corruga- 
tions of each row of said first portion are separated by 





4. In combination: 
a cylinder block having a substantially cylindrical bore 
therein and being constructed and arranged with a 
cooling, jacket relief portion; 
a substantially cylindrical cylinder liner which is posi- 
tioned in said substantially cylindrical bore and axially 
extends across said cooling jacket relief portion such 
that said relief portion is enclosed thereby defining a 
cooling jacket space; 
a turbulator panel coiled into a generally cylindrical form 
and positioned in said cooling jacket space, said tur- 
bulator panel being constructed from a unitary sheet of 
metal and being integrally formed with a repeating 
pattern of flow-through corrugations so as to create 
turbulence in the flow of a cooling liquid which circu- 
lates through said cooling jacket space; 
wherein the repeating pattern of flow-through corruga- 
tions includes a first portion wherein the corrugations 
protrude radially outwardly from said turbulator panel 
in a first, direction and a second portion wherein the 
corrugations protrude radially outwardly from said 
turbulator panel in a second direction, wherein said 
second direction is opposite to said first direction; and 
wherein said first portion of corrugations includes a 
plurality of rows of corrugations which rows are 
arranged side-by-side and extend in a circumferential 
direction. 
5. The combination of claim 4 wherein said second 
portion of corrugations includes a plurality of rows of 
corrugations which rows are arranged side-by-side and 
6. The combination of claim 5 wherein adjacent corruga- 
tions of each row of said first portion are separated by 








55 extend in a circumferential direction. 
* * * * *  
